To determine whether there is a significant correlation between optic nerve head circulation determined by pulse wave analysis of laser speckle flowgraphy (LSFG), and the cardio-ankle vascular index (CAVI), left ventricular (LV) function, and age. Methods: Forty-nine men who visited the Vascular Function Section of Toho University Sakura Medical Center, Chiba, Japan were studied. The mean age of the subjects was 60.7±10.6 years (range 29 to 80 years). The CAVI, left ventricular ejection fraction (LVEF) as a function of the systolic LV function, early diastolic mitral annulus velocity (e'), and the ratio of transmitral early peak velocity (E) to e' (E/e' ratio) as the diastolic LV function, and the optic nerve head circulation determined by pulse wave analysis of the LSFG. This parameter was named the blowout time (BOT). Results: The BOT was significantly correlated with age, heart rate, body mass index (BMI), triglyceride, LVEF, e' velocity, E/e' ratio, and CAVI. The results of multiple regression analysis showed that age was significantly associated with CAVI (r = 0.36, p= 0.002), BOT (r =−0.30, p= 0.01) and e' velocity (r =−0.21, p= 0.04).
Introduction
Aging is significantly associated with the development of arteriosclerosis and is a major risk factor for cardiovascular diseases 1) . In the eye, aging is a risk factor for retinal vascular diseases, e.g., retinal vein occlusion 2-4) and age-related macular degeneration 5, 6) . Recently, the cardio-ankle vascular index (CAVI) was proposed, which represents the stiffness of the aorta, femoral artery, and tibial artery. It is theoretically independent of blood pressure because CAVI is measured from the stiffness parameter, β, which was proposed by Hayashi et al. 7) . CAVI is based on the variance of arterial pressure that is required to change the vascular diameter. It is significantly correlated with age 8) . Diastolic dysfunction of the left ventricle is common in cardiac diseases and contributes to the signs and symptoms of heart failure. The early diastolic mitral annulus velocity (E) can be measured by tissue Doppler imaging, and the transmitral early peak velocity (e') can be determined by conventional Doppler imaging. The ratio of these two factors, i.e., E/e', has been reported to be the single best predictor of the left ventricle diastolic filling pressure 9) . It has also been
Measurement of CAVI, Blood Pressure, and Heart Rate
Measurements of the CAVI, blood pressure, and heart rate were performed using the program embedded in the VaSera (Fukuda Denshi Co. Ltd, Tokyo, Japan). A detailed explanation of the methods used to measure the CAVI has been presented 14) . Briefly, the brachial and ankle pulse waves were determined with inflatable cuffs with the pressure maintained between 30 to 50 mmHg to ensure a minimal effect of the cuff pressure on the systemic hemodynamics. The blood pressure and heart rate were determined simultaneously 14) . The measurements were made in the supine position.
Echocardiography
Echocardiography was performed using a commercially available instrument (Vivid 7; GE Healthcare, Japan). Standard M-mode, two-dimensional, color Doppler imaging was performed in the parasternal and apical views. LV relative wall thickness was calculated as follows: LV = 2 x posterior wall thickness/ end-diastolic diameter 15) . The LV ejection fraction was calculated from the two-dimensional recordings using the modified biplane Simpson's method 16) . Early mitral inflow velocity (E) was measured with the pulsed wave Doppler method by placing the sample volume at the level of the mitral valve leaflet tips. The tissue Doppler-derived diastolic mitral annular velocity (e') was measured from the septal corners of the mitral annulus in the apical four-chamber view 17) .
Measurement of Lipid Profile
Lipid profile was assessed using serum total cholesterol (mg/dL), triglyceride (mg/dL), low density lipoprotein-cholesterol (LDL-C mg/dL), and high density lipoprotein-cholesterol (HDL-C mg/dL). A fasting morning blood sample was collected and stored at −70 ℃ until needed for the appropriate assays.
Determination of Optic Nerve Head Circulation by Pulse Wave Analysis of LSFG
The determination of the LSFG from these images has been described in detail 11, 12, 18) . Briefly, the LSFG is obtained from a 21° section centered on the optic disc. This total observation field is made up of 750 (width)×360 (height) pixels. LSFG uses the mean blur rate (MBR) as an indicator of the relative velocity of the erythrocytes. The MBR is determined by the formula: MBR = 2×(normalized blur rate) 2 . The normalized blur rate is calculated from the speckle pattern generated by reflected lights from the moving erythrocyte illuminated by a 830 nm wavereported that both e' and E/e' were significant correlated with age in normal subjects 10) . Thus, it was suggested that evaluation of the relationship between the ocular circulation, e', and E/e' as a measure of left ventricular function, and CAVI, as a function of age is very important.
Laser speckle flowgraphy (LSFG; Kyushu Institute of Technology, Fukuoka, Japan) is a method of determining ocular blood flow and is based on changes in the speckle pattern of laser light reflected from the fundus of the eye 11, 12) . LSFG is dependent on the movement of erythrocytes in the retina and choroid 13) and the mean blur rate (MBR) is a measure of the relative velocity of the erythrocytes. Changes in the MBR have a pulse wave pattern synchronized with the cardiac cycle.
The purpose of this study was to determine whether there is a significant correlation between optic nerve head circulation determined by pulse wave analysis of the LSFG and the e', E/e', CAVI, and age.
Materials and Methods
One hundred and one consecutive men who visited the Vascular Function Section of the Department of Cardiovascular Center of Toho University Sakura Medical Center between April 1, 2007 to October 1, 2010 were studied. The exclusion criteria were patients who had diabetes mellitus, a history of cardiovascular disease and heart failure, presence of cerebrovascular disease, arrhythmias (atrial fibrillation), glaucoma, and vitreous and retinal diseases. Subjects who had systemic hypertension were included. Finally, 49 patients whose mean±standard division (SD) age was 60.7±10.8 years (range 29 to 80 years) met the study criteria. All of the subjects were nonsmokers.
The Institutional Review Board of Toho University Sakura Medical Center approved the protocol of this study, and we began the research after all participants had received information about the purpose and possible side effects of the research protocol and signed an informed consent form. The procedures conformed to the tenets of the Declaration of Helsinki.
Echocardiography, CAVI, and LSFG were performed after the patients had rested for 10 minutes in a quiet, air-conditioned room with the temperature maintained at 24 ℃. All subjects abstained from alcohol and caffeine for at least 12 hours prior to the measurements. All evaluations were made between 1500 and 1700 before a meal.
The maximum MBR -minimum MBR wave is labeled as "A" and is shown in the lower panel of Fig. 1 . The number of frames spent at one-half the value of A is designated as "B", and the number of frames spent for one cardiac cycle is labeled "C". The analysis of pulse wave in the optic nerve head circulation was determined by the following formula: Blowout time = 100×(B)/(C).
This parameter is named the blowout time (BOT), which was measured for the optic nerve head area three times and the average used for statistical analyses. All subjects were measured in a seated position and the pupils were dilated with 0.5% tropicamide eye drops. Only data from the right eye were used for the analysis.
Statistical Analyses
Data are presented as the means±standard deviation (SD) for continuous variables. Pearson's correlation coefficients were used to determine the relationship among the BOT, CAVI, parameters of echocardiography, age, and other systemic parameters. Multiple regression analysis was used to determine independent factors that were significantly associated with age. P ＜0.05 was considered significant. The Stat View version 5.0 program (SAS Institute Inc., Cary, NC, USA) was used for statistical analyses.
Results
The results of the systemic measurements and lipid profile are shown in Table 1 . Thirty of the 49 length diode laser beam 11, 13) . Initially, 118 MBR images (118 frames) were recorded in 4 seconds from the optic nerve head area. Next, a gray scale map of the still images was made by averaging the MBR images (Fig. 1, upper panel) . On the analysis screen, the pulse wave of the changing MBR corresponding to each cardiac cycle was obtained (Fig. 1, middle panel) . Finally, analysis of the screen, normalized to one pulse, is displayed (Fig. 1, lower panel) , and the pulse wave in the optic nerve head circulation is analyzed on this screen. 
Discussion
Aging is the most significant risk factor for the development of arteriosclerosis; therefore, we examined whether ageing was significantly correlated with the BOT. Our results showed that age was signifi-(62%) patients had hypertension. The echocardiographic findings are given in Table 2 . The mean±SD of CAVI was 8.5±0.94 and of BOT was 48.3±3.5 ( Table 3) . Examples of the analysis of BOT in young, middle-aged, and elderly subjects are shown in Fig. 2 . The BOT in a 29-year-old man was 58.8 (A), in a 52-year-old man 51.5 (B), and in a 79-year-old man the BOT was 42.7 (C). The results of Pearson's correlation analyses between BOT and the parameters of echocardiography, CAVI, age, systemic parameters and lipid profile are shown in Table 4 . BOT was significantly correlated with age (r =−0.68, t value=−6.4 p＜0.0001), heart rate (r = 0.42, t value = 3.2, p = 0.003), body mass index (BMI) (r = 0.31, t value = 2.2, p = 0.03), triglyceride (r = 0.31, t value = 2.2, p = 0.03), left ventricular end-diastolic dimension (LVEDd; r = 0.30, t value = 2.1, p = 0.04), left ventricular end systolic dimension (LVEDs; r = 0.35, t value = 2.5, p = 0.02), LV ejection fraction (r =−0.32, t value =−2.3, p = 0.02), e' velocity (r = 0.40, t value = 3.0, p = 0.005), E/e' ratio (r =−0.40, t value =−3.0, p = 0.005), and CAVI (r =−0.57, t value =−4.7, p＜0.0001).
The results of Pearson's correlation analysis between age and all parameters of the subjects are shown in Table 5 . Age was significantly correlated with the BMI (r =−0.40 t value =−3.0, p = 0.005), triglyceride (r =−0.43, t value =−3.2, p = 0.02), LVEDd (r = −0.32, t value =−2.3, p = 0.03), LVEDs (r =−0.30, t value=−2.2, p = 0.04), e' velocity (r =−0.50, t value= −4.0, p = 0.0002), and CAVI (r = 0.68, t value = 6.3, p＜0.0001). Age was also significantly and negatively correlated with the BOT (r =−0.68, t value =−6.4, p＜0.0001). The results of multiple regression analyses of factors significantly correlated with age are shown in Table 6 . CAVI (r = 0.36, t value = 3.3, p = 0.002), BOT (r =−0.30, t value =−2.7, p = 0.01) and e' velocity (r =−0.21, t value =−2.1, p = 0.04) were significantly correlated with age. Our results showed that the BOT was significantly correlated with age, heart rate, BMI, triglyceride and CAVI, and significantly and negatively correlated with age and CAVI. These findings suggested that the BOT represents a low value for to aging and the progression of arteriosclerosis. However, the BMI, cantly and negatively correlated with the BOT (r = −0.68, t value =−6.4, p＜0.0001). These results showed that measurements of BOT can be used to evaluate the physiological aging of the microcirculation in the optic nerve head.
CAVI is a new index of the overall stiffness of an artery that branches from the aorta and runs to the ankle, and is independent of the blood pressure at the time of the measurement 19) . It was reported that CAVI increases not only with age but also with arteriosclerotic diseases, such as coronary artery disease, carotid arteriosclerosis, chronic kidney disease, and cerebrovascular disease [20] [21] [22] . Age was significantly correlated with CAVI (r = 0.68, t value = 6.3, p＜0.0001).
It has been reported that left ventricular diastolic function is significantly correlated with age, and that left ventricular diastolic dysfunction reflects an impairment of the filling properties of the left ventricle and is a predictor of the future development of heart failure 23) . Therefore, investigations of the relationship between ocular circulation representing the peripheral circulation, CAVI representing the overall stiffness of the artery, and left ventricular diastolic function are of BOT with ocular arteriosclerosis-related diseases such as branch retinal vein occlusion and age-related macular degeneration will also be needed.
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There was no sponsorship or other support for this study. The authors have no financial conflicts of interest. Author contributions: Design and conduct of this study (T.S., M.T., and K.S.); collection, management, analysis, and interpretation of the data (T.S., M.T); preparation, review, or approval of the manuscript (T.S., M.T., Y.H., T.M., and K.S.). The institutional review board of Toho University Sakura Medical Center approved the study, and we began research after obtaining informed consent from all participants in accordance with the Declaration of Helsinki. There was no statistical consultation or assistance. triglyceride level and heart rate were positively correlated with the BOT. These contradictory findings indicate that a more detailed study is needed. The BOT was also significantly correlated with different components of echocardiography, i.e., the LVEDd, LVEDs, LVEF, e' velocity, and E/e' ratio. Significant correlations were found between BOT and low to wide LVEDd, wide LVEDd, high e' velocity, low LVEF, and low E/e' ratio. Because it has been reported that left ventricular diastolic dysfunction is a predictor of the development of heart failure 23) , low values of BOT of the optic nerve head circulation also may predict it. On the other hand, LVEF was negatively correlated with BOT, which would suggest that BOT is not suitable for the evaluation of heart failure that has already developed.
Multiple regression analysis showed that CAVI, BOT and e' velocity were significantly associated with age. Considering the correlation coefficients, measurements of BOT will be a useful method in the evaluation of microvascular function.
The measurements were made for the entire optic nerve head area. This area was selected because it had the highest correlation with all of the systemic parameters in preliminary investigations; however, it has been suggested that the BOT of the optic nerve head circulation reflects not only arterial blood flow but also venous and choroidal blood flow. BOT measurements of the optic nerve head circulation by LSFG may be a useful method to evaluate arteriosclerosis because of the good correlation between BOT and age, CAVI, and left ventricular diastolic function. The red blood cell volume was not correlated with the BOT in preliminary studies.
The limitations of this study were that only men were evaluated and that subjects with hypertension were included because there were only a small number of subjects available.
It will be necessary to re-examine a larger number of subjects of both genders and to determine whether there are differences between men and women. An investigation based on a health survey will be necessary in the future to evaluate a larger number of healthy subjects. In addition, a prospective study is needed to evaluate whether the BOT can detect changes with increasing age.
In conclusion, our results showed that measurements of BOT in the optic nerve head by LSFG can be a useful method to evaluate aging and arteriosclerosis. Further studies will be needed to investigate the association between BOT and serious arteriosclerosisrelated diseases such as cardiovascular diseases or cerebrovascular diseases. Investigations of the association
